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The purpose of this study was to investigate the electrophys- 
iology of acute ischemia in hypertrophic as compared with 
nonhypertrophic myocardium. Left circumflex coronary 
artery occlusion was produced in anesthetized open chest 
dogs. Of 40 dogs studied, 22 were normotensive and 18 had 
chronic hypertension produced by a single kidney renal 
clamp procedure. Recordings of electrograms and extra- 
stimulus testing were performed in endocardial and epicar- 
dial sites in both normal and ischemically damaged zones 
documented by triphenyltetrazolium chloride. 
In the hypertrophy group, there was greater endocar- 
dial to epicardial conduction delay in ischemic zones, mean 
f SEM 57 f 4 ms versus 31 + 2 ms in the normotensive 
group (p < 0.05). Also, sustained monomorphic ventricular 
Patients with left ventricular hypertrophy due to hyperten- 
sion have a poorer prognosis after myocardial infarction than 
do normotensive patients without hypertrophy (l-4). Also, 
compared with normotensive dogs, dogs with hypertension 
and left ventricular hypertrophy have a greater prevalence of 
sudden death after left circumflex coronary artery occlusion 
(5). These data suggest that pressure-induced hypertrophy 
may respond electrophysiologically to ischemia differently 
from normal myocardium. Because hypertrophy prolongs 
action potentials (6,7), we tested the hypothesis that disper- 
sion of refractoriness would be greater because of superim- 
posed shortening of recovery in ischemic areas. Also be- 
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tachycardia was inducible in seven of eight dogs with 
hypertrophy and in none of eight normotensive dogs sur- 
viving to 3 h. Entrainment and several observations during 
induction were consistent with reentrant ventricular tachy- 
cardia. To exclude hypertension alone as an etiology of 
tachycardia, five normotensive dogs without inducible 
monomorphic tachycardia remained unchanged during hy 
pertension produced with low doses of phenylephrine or 
descending aortic occlusion. 
Thus, the electrophysiologic response to ischemia is 
altered in hypertrophied myocardium, which predisposes 
to rapid sustained monomorphic ventricular tachycardia. 
(.I Am Co11 Cardiol1989;14:1365-73) 
cause conduction velocity may be delayed by hypertrophy 
alone (7), we tested the hypothesis that activation time might 
be delayed either before or after coronary ligation. Finally, 
we determined whether ventricular tachycardia or fibrilla- 
tion was more frequently inducible. Therefore, we studied 
hypertensive dogs (5) compared with normotensive control 
dogs in the open chest anesthetized state to measure multiple 
surface electrocardiograms (ECG) and intracardiac electro- 
grams at various sizes, to facilitate resuscitation efforts and 
to mitigate discomfort of the animals. 
Methods 
Experimental preparation. Eighteen mongrel dogs (20 to 
35 kg) were made hypertensive by a single kidney renal 
artery clip (5,8) procedure. Eight weeks later these animals 
and 22 normotensive control dogs (20 to 30 kg) were anes- 
thetized with intramuscular morphine sulfate (2.3 mg/kg 
body weight) and intravenous alpha chloralose (80 mg/kg). 
Thereafter, chloralose was administered at 8 mg/kg per h (9). 
The dogs were ventilated mechanically (9) and the right 
femoral artery was cannulated retrograde for aortic pressure 
monitoring (9). The sternum was split and the pericardium 
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Table 1. Ventricular Tachycardia/Ventricular Fibrillation Inducible in 13 Hypertensive Dogs With 
Left Ventricular Hypertrophy 3 Hours After Coronary Occlusion 
Dog No. 
Group II 
1 
2 
3 
4 
Group II and IV 
5 
6 
7 
8 
9 
Group IV 
10 
II 
12 
13 
Longest Cycle 
Duration Length 
(s) (ms) 
VF VF 
>55 130 
IO 120 
>Sl 130 
>45 180 
>I4 130 
>60 140 
>60 200 
>60 150 
>55 160 
31 170 
>60 240 
>37 140 
Outcome 
Died 
Pacing to VF, died 
Arrhythmia stopped spontaneously 
Pacing to VF, died 
Pacing stops arrhythmia 
Pacing stops arrhythmia 
Pacing stops arrhythmia 
Pacing stops arrhythmia 
Pacing stops arrhythmia 
Pacing to VF, died 
Arrhythmia stopped spontaneously 
Pacing stops arrhythmia 
Pacing stops arrhythmia 
VF = ventricular fibrillation. 
incised and sutured to the sternum to support the heart. 
Physiologic cardiac temperature was maintained (10). To 
perform snare ligation, the left circumflex coronary artery 
was exposed in the atrioventricular (AV) groove immedi- 
ately distal to the first marginal branch (5). The left atria1 
appendage was cannulated for measurement of pressure. 
Electrophysiologic methods. Standard ECG leads I, aVF 
and a V lead were recorded. The configuration of the QRS 
complex during ventricular tachycardia was categorized 
according to axis and bundle branch pattern (9). The sinus 
node was crushed to facilitate control of heart rate. A bipolar 
electrode was attached to the right atria1 appendage for 
pacing or recording of atria1 activity, or both. 
Ventricular tachycardia was defined as wide QRS tachy- 
cardia with AV dissociation. Ventricular tachycardia was 
considered sustained if it lasted 230 s or required termina- 
tion because of cardiovascular collapse (Table 1). Ventricu- 
lar fibrillation was defined as disorganized ventricular activ- 
ity requiring defibrillation. 
Bipolar ventricular electrograms were recorded every 1 
to 2 mm along each of 16 poles (1 mm interelectrode 
distance) on right angle plunge needles; epicardial and 
endocardial electrograms were chosen for data analysis 
(9,lO). Left ventricular wall thickness was calculated on the 
basis of distance from the endocardial to epicardial elec- 
trodes. A composite electrode (11) was used to record 
activity from the ischemic zone in Group IV. Electrograms 
were amplified, filtered from 40 to 500 Hz, recorded inter- 
mittently on an oscillographic recorder at paper speeds of 
200 to 500 mm/s and on FM tape for subsequent retrieval. 
Activation time was measured from the earliest deflection 
of the endocardial (usually a Purkinje spike) to the epicardial 
electrogram on each needle (Fig. 1). These measurements 
were accepted for analysis when cathodal pacing from the 
pole adjacent to those recording the endocardial electrogram 
produced activation time similar to atria1 pacing. Thus, the 
activation wave front was documented to proceed parallel to 
the needle. Activation measurements were analyzed sepa- 
rately in sites with damage either transmurally (Fig. 1) or 
subendocardially (infarct staining). 
Efective refractory period was measured with stimuli 
delivered separately to atria and ventricles simultaneously to 
maintain control of cardiac rate during all interventions. 
Figure 1. Surface ECG leads II and V, and epicardial (EPI) and 
endocardial (ENDO) electrograms performed during atria1 pacing. 
Activation time was measured from the earliest rapid deflection 
(Purkinje spike) on the endocardial recording (large arrow) to the 
deflection across the isoelectric line of the epicardial recording 
(small arrow). Note the prolonged activation time after occlusion. 
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Table 2. Hemodynamic Data in 31 Dogs 
Atria1 pacing cycle 
length (ms) 
Mean aortic pressure 
@un Hg) 
Left atrial pressure 
(mm Hg) 
Before LCx Occlusion 
- 
Dogs With 
Normotensive Hypertension 
Control Dogs and LVH 
(Group I) (Group II) 
(n = 17) (n = 14) 
367 ? 11 384 + 9 (SEM) 
90 + 3 118 + 6* 
92 I 9?1 
3 Hours After LCx Occlusion 
Dogs With 
Normotensive Hypertension 
Control Dogs and LVH 
(Group I) (Group IV) 
(n = II) (n = 9) 
367 t 11 384 t 9 
85 ? 7 105 i- 5* 
921 IO? 1 
*p < 0.05 vs. normotensive control group. LCx = left circumflex coronary artery; LVH = left ventricular 
hypertrophy. 
Cathodal stimuli (2 ms duration at four times late diastolic 
threshold) were delivered to each epicardial and endocardial 
test site (10). This current was chosen because of a more 
gradual relation between current strength and refractoriness 
in ischemic myocardium (12). The effective refractory period 
was defined as the longest S,-S, interval that failed to 
capture (10). Dispersion of refractoriness was the difference 
between the shortest and longest values obtained at one time 
among all normal or ischemic epicardial and endocardial 
sites. 
Arrhythmia induction. Pacing protocols, similar to those 
used clinically (13,14), were performed at baseline and after 
3 h of coronary occlusion at pacing cycle lengths of 300 to 
400 ms. Double premature extrastimuli were used for all 
groups. In Group III dogs (see below), a third extrastimulus 
was added. 
Determination of mass of risk area and infarct. Risk area 
measurements were performed with use of autoradiography 
(15) with 15 pm diameter microspheres labeled with cerium- 
141 (approximately 2 x 10’ spheres); these were injected 5 
min after coronary occlusion. After data collection, the 
aortic root was cross-clamped, cannulated and perfused 
sequentially with saline solution, triphenyltetrazolium chlo- 
ride (16,17) and 10% formaldehyde. The left ventricle was 
weighed to the nearest 1.0 g (5) and sectioned into 5 mm 
thick rings. These rings were traced to outline the isch- 
emically damaged zone (17) and position of electrodes. Then 
an autoradiograph was superimposed to outline areas of 
normal perfusion and, by subtraction, risk zones were de- 
marcated. The areas involving the infarct and risk zone were 
calculated with planimetry. 
Protocols. Electrodes were placed in one anterior and 
two posterior zones (base and apex separated by 3 to 4 cm). 
Then the left circumflex coronary artery was ligated. If 
ventricular fibrillation occurred, resuscitation was attempted 
to obtain infarct mass data. However, because of the possi- 
bility of defibrillation-induced damage and arrhythmias, fur- 
ther electrophysiologic testing was not performed in such 
dogs. 
Four groups of dogs were studied. Both normotensive 
Group I dogs (n = 17) and hypertensive Group II dogs (n = 
14) underwent arrhythmia induction before and after coro- 
nary occlusion. To determine whether hypertension alone 
resulted in inducible tachycardia after coronary occlusion, 
we studied normotensive Group III dogs (n = 5) during 
hypertension produced either by infusion of phenylephrine 
(1 to 3 pg/kg per min) or descending aortic occlusion. To 
characterize the ventricular tachycardia, the last five dogs of 
Group I plus four more were instrumented with additional 
(three to six) multipolar and composite electrodes (11) 
(Group IV). Activation times were measured on the elec- 
trode in an area of transmural ischemic damage during 
delivery of premature stimuli, which induced ventricular 
tachycardia. Activation sequences on each multipolar elec- 
trode were carefully analyzed during tachycardias; activa- 
tion was termed retrograde when epicardial to endocardial 
activation occurred. We analyzed surface ECG and intracar- 
diac electrograms during and after overdrive pacing of 
tachycardia for criteria of entrainment (lg-21). 
Statistical analysis. All data are expressed as mean values 
it SE. Data within and between groups of hypertensive dogs 
with left ventricular hypertrophy and normotensive control 
dogs were compared by use of an unpaired Student’s t test. 
Within groups, regression analysis was performed between 
myocardial mass at risk and infarct mass (22). 
Results 
Hemodynamic data (Table 2). There was no significant 
difference in left atria1 pressures between Groups I and II. 
Fluid losses during the 3 to 6 h of occlusion may have 
prevented an expected increase in left atria1 pressure. Mean 
arterial pressures in Group II were higher than those in 
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Figure 2. Infarct mass (triphenyltetrazolium chloride stain) in each 
dog. There was no difference in infarct mass between the control 
group (Group I) and the hypertrophy group (Group II). Dogs with 
spontaneous ventricular fibrillation (VF) had the largest infarcts. 
These measurements could not be made for technical reasons in six 
control and four hypertensive dogs. 
Group I throughout. Thus, hypertension was maintained 
without cardiac failure. 
Left ventricular mass measurements (Fig. 2). Left ventric- 
ular mass was increased in Group II (5.3 ? 0.2 g/kg) versus 
Group I (4.2 ‘_’ 0.2 g/kg body weight, p < 0.01). However, 
infarct mass (percent of left ventricular mass) in Group II 
was no different from that in Group I. In addition, absolute 
infarct mass in the hypertensive group (32 2 3 g) was not 
statistically different from that in the normotensive group 
(26 ? 3 g, p > 0.08). There was a significant relation between 
infarct mass and risk mass: Y = 1.05X - 5, r = 0.73 in Group 
z 
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60 
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Figure 3. Activation times measured from endocardial to epicardial 
electrograms recorded from zones with transmural ischemic damage 
in Groups I and II. Each dot represents data from one dog. 
Activation time could not be measured for technical reasons in one 
control dog. 
I; Y = 0.51X + 12.0, r = 0.66 in Group II. In all dogs, 
transmural left ventricular infarction was seen on several 
slices stained with triphenyltetrazolium chloride. 
Electrophysiologic Data (Table 3) 
Activation (Fig. 3, Table 3). Before and after coronary 
occlusion, the only difference between Groups I and II was 
that endocardial to epicardial activation time was prolonged 
with hypertrophy in areas damaged either transmurally or 
subendocardially (Table 3). This large difference in activa- 
tion was not explained by wall thickness because in Group II 
it was only slightly thicker by electrical measurements along 
Table 3. Electrophysiologic Data in 3 1 Dogs 
Before LCx Occlusion 
Dogs With 
Normotensive Hypertension 
Control Dogs and LVH 
(Group I) (Group II) 
(n = 17) (n = 14) 
Activation time (ms) 
Anterior 15 k 1 16 + 1 
Posterior 
Transmural 19 + I 15 + 2 
Subendocardial 20 2 2 17 + 2 
Effective refractory 
period (ms) 
Anterior 
Epicardial 168 + 6 166 + 4 
Endocardial 171 + 9 170 t 5 
Posterior 
Epicardia1 164 2 4 162 2 6 
Endocardial 168 * 4 170 + 5 
Dispersion (ms) 25 2 2 20 + 2 
*p < 0.05 vs. before coronary occlusion; tp < 0.025 vs. Group 1. 
3 Hours After LCx Occlusion 
Dogs With 
Normotensive Hypertension 
Control Dogs and LVH 
(Group I) (Group IV) 
(n = 11) (n = 9) 
15 + I 15 k 1 
31 ? 2* 57 c 4*t 
19 k 3 29 k 3*t 
155 ? 7* 149 It 5* 
158 + 5* 161 k 7 
153 + 8 143 k 13 
175 k 7 16Ok 11 
38 2 5* 32 k 2* 
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VF INDUCIBLE SPONTANEOUS VF INDUCIBLE VT/VF 
BEFORE CORONARY AFTER CORONARY 30 AFTER CORONARY 
OCCLUSION OCCLUSION OCCLUSION 
8/Q 
l/17 NS “14 l-l 
CONTROL HYPERTENSIVE 
HYPEATROPHY 
each needle (13 5 1 versus 11 -t 1 mm, p < 0.05) compared 
with that in Group I. 
Arrhythmias (Fig. 4 to 7, Table 1). After coronary occlu- 
sion, no normotensive animal had inducible sustained mono- 
morphic ventricular tachycardia. In Group I without induc- 
ible ventricular fibrillation (n = t), half had no inducible 
tachycardia whereas the other half had polymorphous ven- 
tricular tachycardia lasting only 1 to 10 s. In contrast, rapid 
and sustained monomorphic ventricular tachycardia was 
reproducibly induced (at least twice in each dog, usually 
within 30 min) (Fig. 5) in seven of eight Group II dogs. Mean 
arterial pressure during tachycardias ranged from 28 to 52 
mm Hg. The configuration of individual tachycardias was 
usually (six of eight dogs) that of right bundle branch block 
with a left and superior axis (Fig. 5 and 6). Other configura- 
tions observed (Fig. 7) were intermediate or left bundle 
branch block pattern and right and superior axis (n = 4), or 
inferior axis (n = 1). 
Figure 5. Two surface electrocardio- 
graphic (ECG) leads (II and V,,) are 
recorded with aortic pressure (Ao) and 
epicardial and underlying endocardial 
electrograms from the ischemic (IZ) 
and normal (NZ) zones. A, Extrastim- 
uli at the normal zone resulted in ven- 
tricular tachycardia with a left axis, 
right bundle branch block configura- 
tion. Endocardial electrograms in the 
ischemic zone (IZ,) recorded Purkinje 
spikes preceding the QRS complex. B, 
Extrastimuli at the ischemic endocar- 
dial zone (IZ,) produced an ECG con- 
figuration similar to that of the previ- 
ous induced tachycardia. 
3/11 h-l o=VT ??=VF 
CONTROL HYPERTENSIVE 
HYPERTROPHY 
CONTROL HYPERTENSIVE 
HYPERTROPHY 
Figure 4. Arrhythmia prevalence in Groups I and II. Left, Infre- 
quent occurrence of inducible ventricular fibrillation (VF) suggests 
that hypertrophy alone was not arrhythmogenic. Middle, Prevalence 
of spontaneous ventricular fibrillation (VF) did not differ in the two 
groups. Right, Frequency of inducible ventricular tachycardia (VT) 
or fibrillation (VF) was greater in the hypertensive, hypertrophy 
group (Group II). This greater frequency was mainly due to rapid 
sustained monomorphic ventricular tachycardia. 
Group III. To consider whether hypertension alone was 
the cause of sustained tachycardia, we repeated testing in 
these five dogs when mean aortic pressure increased from 
81 ? 7 to 108 + 8 mm Hg (p < 0.05). Still no dog in Group 
III had induction of sustained monomorphic ventricular 
tachycardia. However, the use of up to triple extrastimuli 
did result in induction of ventricular fibrillation in four of the 
five Group III dogs before and after acute hypertension. The 
size of the ischemic mass in this group ranged from 15% to 
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Figure 6. Surface electrocardiogram recorded with epicardial (ep), 
endocardial and composite electrograms. A, Extrastimulus protocol 
induced ventricular tachycardia. Each premature stimulus produced 
progressive conduction delay in the composite electrogram and 
between endocardium and epicardium in IZ, and IZ, electrograms. 
Electrical activity (composite) spanned diastole during ventricular 
tachycardia. B, Spontaneous cessation of ventricular tachycardia 
with reproducible late diastolic potentials (arrows). Abbreviations as 
in Figure 5. 
42% of left ventricular mass similar to that in Groups I and II 
(Fig. 2). 
Group IV (Fig. 5). In eight of nine dogs during induced 
ventricular tachycardia, electrograms from the ischemic 
endocardium preceded the onset of the surface QRS com- 
plex by 10 to 50 ms (Fig. 5). In relation to these latter sites, 
the site of stimulation was on the same multipolar electrode 
in four dogs, 2 cm away in one dog and 5 to 8 cm away in four 
dogs (Fig. 5). Induction occurred in six of the nine dogs by 
pacing from the endocardium and in four of the nine dogs by 
pacing from the epicardium. The refractory period in the site 
of stimulation (153 ? 6 ms) was intermediate (p < 0.05) 
compared with the shortest and longest refractory periods 
(141 5 5 to 173 k 6 ms, respectively). 
Evidence consistent with reentrant tachycardia in Group 
IV (Fig. 6, 7). First, with induction of tachycardia, activa- 
tion time prolonged from 49 + 7 (during the drive stimulus) 
to 67 k 7 ms (p < 0.05) with the first and to 79 ? 7 ms (p < 
0.05) with the second premature stimulus (Fig. 6). However, 
this delay did not explain tachycardia cycle lengths of 120 to 
230 ms. Second, further diastolic conduction delay in epi- 
cardium was recorded in three of four dogs employing a 
composite electrode (Fig. 6). Third, retrograde endocardial 
to epicardial activation sequence was observed in three of 
the nine dogs consistent with intramural or epicardial reen- 
trant tachycardia (23). Fourth, criteria for entrainment (18- 
21) were observed. Progressive fusion of the surface QRS 
complex was demonstrated in six of eight dogs in which 
appropriate pacing cycle lengths were employed during 
tachycardia. Also, in seven of the eight dogs, electrograms 
from the ischemic zone were entrained to the pacing cycle 
length but not associated with a fused surface QRS complex 
after pacing was stopped (Fig. 7). 
Discussion 
There are two majorfindings demonstrated in this study. 
First, 3 to 6 h after coronary occlusion, only dogs with renal 
hypertension and left ventricular hypertrophy had inducible 
sustained monomorphic ventricular tachycardia. This oc- 
curred even though infarct size was similar in normotensive 
or acutely hypertensive control dogs without hypertrophy. 
Second, dogs with inducible ventricular tachycardia had 
greater endocardial to epicardial delay compared with nor- 
motensive control dogs. Further prolongation of transmural 
and epicardial surface activation time with premature stimuli 
and two criteria for entrainment were consistent with reen- 
trant tachycardia. 
Methodologic Considerations 
This model of left ventricular hypertrophy resembled 
human hypertensive heart disease because the magnitude of 
hypertension and the increase in left ventricular mass were 
similar to those commonly observed (24). 
Infarct size. We found that the hemodynamics of hyper- 
tensive dogs dying of ventricular fibrillation or developing 
inducible ventricular tachycardia were no different from 
those of control dogs. Also, we found no difference in infarct 
size between groups. Larger infarct size alone with resultant 
hemodynamic embarrassment has been associated with ar- 
rhythmias and greater mortality (25,26). In this dog model 
when infarct size was decreased by normalization of blood 
pressure during coronary occlusion, mortality was de- 
creased (27). 
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200sec 
123: 
Figure 7. Both panels show ventricular tachycardia in Dog 8 of 
Group II at cycle length 200 ms before and after pacing and show 
entrainment of all activity to the pacing cycle length. Top, Pacing at 
180 ms entrained epicardium of IZ, and IZ, electrograms followed 
by epicardium of IZ, electrogram and endocardium of IZ, and NZ 
electrograms. The first nonpaced QRS complex was entrained to the 
pacing cycle but not fused. Bottom, Electrocardiographic lead I 
showed progressive fusion (compared with top) at pacing cycle 
length of 170 ms. Recordings are labeled as in Figure 6. 
We recognize that triphenyltetrazolium chloride may 
not be a true measure of necrosis (17). Our ability to 
measure electrograms and pace from some sites that did 
not stain supports partial viability. However, this method 
allowed us to compare overall ischemic damage in the 
groups as well as to characterize sites where measurements 
were made. 
Contrary to the previous experiments (28), infarct size 
was similar in our Groups I and II. Although infarct size was 
not measurable if a dog did not survive 3 h (16), the number 
of dogs was similar in both groups (Fig. 2). We believe that 
infarct size was truly equal because of the open chest state 
that resulted in a 50% higher heart rate (28). Thus, increased 
oxygen consumption (29) caused infarction of a great pro- 
portion of risk zones in both groups. Because risk zones 
were equal in hypertensive and normotensive dogs (5,28), 
our infarct data are consistent. 
Electrophysiologic techniques. Our measurement of trans- 
mural activation time may not be equated with conduction 
because the exact pathway of the activation was not always 
known. Our measurements before ischemia were confirmed 
by pacing the endocardium. However, with ischemia, this 
confirmation was not performed because of relative inexcit- 
ability of endocardial sites. Nevertheless, our data demon- 
strating greater activation times in both transmural and 
subendocardial ischemic zones of hypertrophied hearts were 
consistent with companion observations supporting reen- 
trant tachycardia. 
Dispersion of refractoriness was classically measured 
with a high local density of electrodes. This density was 
not necessarily appropriate in this study because we hypo- 
thesized that a maximal dispersion of refractoriness would 
be measured in nonischemic as compared with ischemic 
myocardium. We also examined epicardial and endocar- 
dial refractoriness that might also predict greater dis- 
persion in hypertrophy (30). We did not find either a 
greater dispersion or greater prevalence of ventricular 
fibrillation in hypertrophied hearts. Because of these con- 
siderations, we did not pursue other techniques to test this 
hypothesis. 
The extrastimulus protocol used for induction of ventric- 
ular arrhythmias in Groups I and II was conservative. We 
chose two premature stimuli because more may produce 
artifactual ventricular fibrillation because it has been in- 
duced in the absence of clinical occurrence (3 I ,32) or coro- 
nary occlusion (14,33). Indeed we induced ventricular fibril- 
lation infrequently (6 of 31 dogs) except when we used triple 
extrastimuli (four of five dogs in Group III). Although it is 
possible that inducible polymorphous ventricular tachycar- 
dia or fibrillation might have been pathologically specific 
events, we cannot prove this with our present methods. 
However, inducible sustained monomorphic ventricular 
tachycardia is thought to be specific for infarcted myocar- 
dium (14,33). Thus, our extrastimulus testing demonstrated 
that after regional ischemia, the hypertrophied ventricle was 
prone to induce pathologically specific ventricular tachycar- 
dia. 
Acute hypertension. To determine whether wall stress 
was the cause of induced tachycardia, we abruptly raised 
pressure with aortic occlusion or acute administration of 
phenylephrine. Although hypertension did not facilitate in- 
duction of tachycardia in Group III, it did not prevent 
induction of ventricular fibrillation that might have resulted 
had important parasympathetic activation occurred. In ad- 
dition to reflex effects, phenylephrine might have been 
expected to have direct electrophysiologic effects by virtue 
of its alpha- or beta-adrenergic influences. The doses we 
used were < 10 times that which produced direct effects (34). 
Because aortic occlusion produced equivalent results, theo- 
retical effects of high doses of phenylephrine may be ex- 
cluded from consideration. 
Comparison With Other Models 
Pressure-induced hypertrophy. We have demonstrated 
that renal hypertension of 8 weeks’ duration and left ven- 
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tricular hypertrophy alone (without &hernia) were not nec- 
essarily more arrhythmogenic. Moreover, we did not ob- 
serve longer effective refractory periods (6,7) or greater 
dispersion (30) compared with those in control dogs. These 
differences may result from comparisons between action 
potential duration and refractoriness (the latter also is influ- 
enced by excitability), species differences, in vitro versus in 
vivo measurements or changes produced by connective 
tissue growth (7). Histologic studies of other dogs with this 
model of hypertrophy have not revealed the latter (personal 
communication, Robert Tomanek, PhD). Finally, we found 
no evidence of conduction abnormalities that might also 
have been expected due to hypertrophy alone (7). 
Superimposed ischemia. After coronary occlusion, there 
were longer activation times in the ischemic regions of the 
hypertrophied hearts. This may have provided the substrate 
for reentrant ventricular tachycardia as suggested by en- 
trainment (B-21) and the recording of continuous electrical 
activity by composite electrode (35) as well as critical 
conduction delay at induction of tachycardia. Proof of reen- 
trant tachycardia, however, requires definition of a circuit 
that usually requires a higher density of transmural elec- 
trodes (23), which we did not employ. Despite this limita- 
tion, we did record retrograde activation during tachycardia 
in three dogs, which has been reported only in reentrant 
ventricular tachycardia (23,36) and then infrequently in a 
single heart (23). This finding was a qualitative change from 
endocardial to epicardial activation seen in the same sites 
during atria1 pacing. Moreover, retrograde activation during 
tachycardia has not been recorded with Purkinje origin of 
abnormal automaticity or triggering (9,37). Nevertheless, we 
cannot exclude other mechanisms in individual dogs, espe- 
cially triggered activity (38). 
It is unclear what exact cellular electrophysiologic mech- 
anisms are responsible for the high incidence of inducible 
ventricular tachycardia occurring after coronary occlusion in 
our model of ventricular hypertrophy. It is possible that 
under the circumstances of ischemia, the tendency to con- 
duction delay (7) in hypertrophied myocardium may be 
aggravated. 
This new model of inducible ventricular tachycardia 
occurring after circumflex coronary occlusion in dogs with 
chronic hypertension and left ventricular hypertrophy was 
similar to other infarction models (23,33,35-37,3!%41). How- 
ever, our model developed more substantial transmural 
conduction delay than the reperfusion model (23). Our model 
was also different because induction of tachycardia occurred 
during pacing from sites remote from the infarction zone 
(40). We do not know the duration of tachycardia inducibility 
of our model as compared with others (33,37,3%41). How- 
ever, compared with conditions in our Group I an exagger- 
ated potential for ventricular tachycardia occurred after 3 to 
6 h of ischemia in hypertrophied ventricles. 
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Possible relation to spontaneous cardiac arrest. Thus, 
when hypertension and left ventricular hypertrophy were 
associated with an infarct size sufficient to produce conduc- 
tion delay, rapid, severely hypotensive, monomorphic and 
sustained ventricular tachycardia was induced. Rapid mono- 
morphic ventricular tachycardia was frequently inducible 
(13,42) and recordable (43,44) in patients with out of hospital 
cardiac arrest. For this reason, we speculate that these 
observations in this anesthetized open chest model may 
provide one explanation for the higher prevalence of sudden 
death after coronary artery occlusion in conscious hyperten- 
sive dogs with left ventricular hypertrophy. However, this 
study employing programmed extrastimulus testing provides 
no information as to the naturally occurring trigger for the 
presumed tachycardia that we believe occurs spontaneously 
(5). 
We thank Michael T. Leonard, Mary I. Miller and Greg Neighbors for skilled 
technical assistance and Linda Bang for expert secretarial assistance. 
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